Conclusions: The CBCT images produced by the device used in the present study were of low reliability for the diagnosis of TMJ soft tissue calcification. Studies are needed to develop CBCT protocols which may accurately and reliably demonstrate such calcification.
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Introduction
Calcification of the soft tissue components of the temporomandibular joint (TMJ) may occur in association with various conditions. Synovial chondromatosis (SC), 1 calcium pyrophosphate arthropathy (CPPA) (pseudogout), 2 and osteochondritis dissecans (OCD) 3, 4 are conditions known to be associated with loose articular bodies. Calcification of the articular disk has also been reported by some researchers. [5] [6] [7] Disk perforation, articular dysfunctions, and disk degeneration, which may occur as a result of aging or mechanical stress, have all been suggested as possible causes for the disk calcification. 5, 6 Although loose joint bodies of the TMJ are considered to be rare, and mostly associated with SC, CPPA, or OCD, 8, 9 calcification of the articular disk has been reportedly observed in 37% of a sample of cadaver disks. 5 Cone beam computed tomography has been demonstrated to be a highly reliable, and one of the most accurate, imaging modalities for depiction of osseous TMJ morphology, even compared with medical grade computed tomography (CT). 10, 11 At the time of writing, however, the author is unaware of any published studies investigating the prevalence or reliability of detection of soft tissue calcification in CBCT examinations of the TMJ. Knowledge of such prevalence may aid in better understanding the clinical significance of such calcification when it occurs alone or in association with disease conditions or other findings. Therefore the aim of the present study was to investigate the prevalence and reliability of diagnosis of soft tissue calcification of the TMJ in the CBCT datasets of TMJ and non-TMJ patients undergoing a CBCT examination for any reason.
Materials and methods
The retrievable data sets of all patients imaged with CBCT at the Radiology Department of the King Saud University College of Dentistry, between April 5, 2008 and November 9, 2010, were viewed and evaluated in consideration for inclusion in the study. The images of the bilateral TMJs were viewed independently of each other, and were included regardless of age, gender, existing medical conditions, or reason for the CBCT examination. However individual TMJs were excluded if the TMJ was deformed due to developmental or acquired abnormalities (including ankylosis, fracture, or condylectomy), or if the presence of artifacts degraded image quality to such a degree as to render the TMJ images non-diagnostic. In cases where the CBCT examination was performed as part of a parotid sialography procedure, the TMJ ipsilateral to the subject parotid gland was excluded from the study, as the contrast media may interfere with the visibility of soft tissue calcification in the TMJ region.
Approval for use of the patients' images for research purposes was obtained from the College of Dentistry Research Center. All the patients had been imaged in a CBCT device (Iluma, Imtek Imaging, 3M Company, USA) with a large field of view (FOV) and flat panel detector. The size of the detector was 19 · 24 cm, and was composed of 127 micron amorphous silicon. Some patients had been imaged with the full FOV, while others had the FOV collimated to one-half its height. The X-ray source focal spot size was 0.3 mm. The images had been acquired using 3.8 mA and 120 kVp. The scan time was either 39.9 s, yielding 602 basis images, or 20 s, yielding 301 basis images. The reconstructed voxel size was 0.29 mm.
For the present study, the reconstructed axial projection images were then processed with reformatting software (IlumaVision 3-D, Imtek Imaging, 3M Company, USA) to obtain corrected sagittal and coronal sections of the TMJ perpendicular and parallel to the long axis of the condylar head, respectively. The axial, sagittal, and coronal sections were all viewed as maximum intensity projection (MIP) images 2 mm in thickness.
Each TMJ was examined by a single examiner, an oral and maxillofacial radiologist with 8 years experience in interpretation of CT/CBCT images. The images were viewed on a liquid crystal display (LCD) monitor (Dell Ultrasharp 2408WFP-24
00
Widescreen Flat Panel Monitors) in a dimly lit room. And, if it was necessary to improve the clarity of the images, the examiner adjusted contrast, density, and magnification of the images, as well as the thickness and orientation of the image slices. Each joint was subjectively evaluated for the presence or absence of soft tissue calcification by examination of the axial, sagittal, and coronal images throughout the entire thickness of the joint. For a radiopacity to be diagnosed as a soft tissue calcification, it had to be found in the region of the TMJ, and not contacting any bony structure. The radiopacity had to be visible in image sections of more than one plane, and had to appear either larger than or more radiodense than the surrounding pattern of image noise. Two examples of the images detected during the first examination are presented in Figs. 1 and 2. showing examples of radiopacities (marked by arrows) diagnosed as soft tissue calcification because they were larger in size than the surrounding image noise pattern.
After examination of the entire sample, fifty samples were then randomly selected using an online random number generator (StatTrek.com, http://stattrek.com/statistics/randomnumber-generator.aspx), and the 50 randomly selected joints were examined a second time by the same examiner, using the same methodology and criteria.
Descriptive statistics were then used to calculate the percentage of the cases diagnosed with TMJ soft tissue calcification during both examinations. The chi square test was used to calculate the intra-observer agreement. Significance was set at a p-value of 0.05.
Results
The number of retrievable data sets was 328. Each TMJ was considered independently, for a total of 656 joints. 165 TMJs were excluded for various reasons outlined in Table 1 . Thus, the total sample size was n = 491.
The first examination yielded a diagnosis of calcification present in 59/491 cases (12%). The second examination yielded a diagnosis of calcification present in 17/50 cases (34%).
Intra-observer reliability
Cross-tabulation of the results from the first and second examinations was performed and 34% of the readings were not in agreement. Using the chi square test a p-value of 0.626 was obtained, which indicates no significant correlation between the results of the first and second examination. With regard to the cases diagnosed with calcification, 94% of the cases were in disagreement.
Discussion
The present study aimed to investigate the prevalence of soft tissue calcification in CBCT images of the TMJs. It was conducted as a retrospective study and the sample population was designated as dental patients who had previously underwent a CBCT examination for any reason, and whose TMJs were visible in the image data set. Such a design was used in order to avoid exposure of a sample population to ionizing radiation for purely research purposes. As such, the sample population of this study may not be representative of the general population, since it is composed of dental patients who complain from any variety of dental diseases or conditions. So although many of the sample population's TMJs may have been asymptomatic, it is conceivable that the dental condition for which they are under treatment may either directly or indirectly affect the TMJ morphology. However, the ethical restrictions to exposing members of the general population to ionizing radiation with no direct diagnostic or therapeutic benefit to them impose this limitation on the study.
At the time the images were acquired, the only available option for CBCT imaging in the institution was the use of the large FOV, and later on collimation to one-half the height of the FOV. For this reason the TMJs were visible in most CBCT examinations performed at that time.
The main limitation of the present study, however, was the lack of a gold standard to compare the CBCT findings with. Such a limitation is inevitable with live patients because direct examination of the TMJs is not possible without surgical intervention, a procedure which was unwarranted for the general dental population. As such, the accuracy of the diagnoses could not be measured; instead reliability was used as an indirect indicator of the utility of CBCT for diagnosis of the calcification.
Another limitation of the present study is that the results may not be applicable to other CBCT devices. This is an unavoidable limitation of any study involving CBCT image quality because the image noise produced by various CBCT machines is markedly different in magnitude. For Liang et al. (2010) have demonstrated that scanning and reconstruction parameters, in addition to CBCT machine type, may directly influence image quality of the acquired image, which in turn affects the radiographic visibility of anatomical structures and image noise level. 12 Therefore, the results of the low-contrast diagnostic task being investigated in the present study are expected to be affected considerably by such a variation in image quality.
The purpose behind the use of MIP images was to optimize the contrast between the calcification and the surrounding soft tissues. Slices two millimeter in thickness were used because, from experience, it was found that this was the thickness which reduced the amount of noise in the image and at the same time provided optimum contrast between the calcification and surrounding tissues. Thicker images introduced overlapping of adjacent structures, and thinner images had more noise. showing examples of radiopacities (marked by arrows) diagnosed as soft tissue calcification because they were more radiopaque than the surrounding image noise pattern. The low intra-observer agreement obtained in the present study indicates the lack of reliability of the CBCT images from the study device in the detection of soft tissue calcification of the TMJ. During interpretation of the images, a large degree of uncertainty was faced with suspicion of small, lower density calcification. The amount of noise within the images (even with 40 s exposure) may have been a factor in reducing the detectability of small calcification (0.8 mm or smaller). And although the present study did not measure the accuracy of detection of soft tissue calcification, the lack of reliability of the CBCT images used may be an indicator as to the degree of accuracy. Therefore, the findings of the present study are compatible with the findings of Testaverde et al. (2011) who, in a comparison between medical CT findings with histological examination of TMJs, concluded that medical CT does not find noncalcified loose bodies. 13 The present study's findings are also compatible with the findings of two other studies which compared the results from medical CT images with the histologic samples from the joints of patients histologically diagnosed with synovial chondromatosis, and found that medical CT images demonstrated only one half of the calcification detected histologically. 14, 15 Although CBCT has been found to demonstrate surface osseous changes of the TMJ accurately and reliably, 10, 11 increasing FOV and voxel size have both associated with a reduction in the ability to detect early osseous changes. 16, 17 Since such factors have been demonstrated to impact such a high-contrast diagnostic task, it is conceivable that a lower contrast task such as detection of soft tissue calcification would be even more adversely affected. And since a large FOV was used in most of the samples of the present study, this may be considered as a possible factor influencing the low reliability.
The present study is the only study the author is aware of that attempted to assess the detectability of TMJ soft tissue calcification in CBCT images, and since the results have indicated very low reliability, studies are needed to investigate the ability of images from various CBCT machines to demonstrate TMJ calcification, as compared to a gold standard of histologic examination of cadaver TMJs. The various exposure and reconstruction parameters need to be investigated independently to develop a CBCT protocol which may accurately and reliably demonstrate calcification within the soft tissues of the TMJ. Furthermore, well-defined diagnostic criteria need to be determined for evaluation of small calcification. The ability to detect small soft tissue calcification of the TMJ using CBCT is necessary because when symptoms of associated conditions occur they are often non-specific, which may lead to a delayed diagnosis and/or intervention of up to 2 years. 18 After development of accurate and reliable CBCT protocols, they may then be utilized to study the prevalence of TMJ soft tissue calcification in TMJ and non-TMJ patients to better understand the clinical significance of such calcification.
Conclusions
Diagnosis of TMJ soft tissue calcification from images produced by the CBCT device used in the present study was of low reliability. Studies are needed to develop CBCT protocols which may accurately and reliably demonstrate such calcification.
